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Abstract
We are developing an apparatus to rapidly evaporate extremely
small quantities of radioactive materials, to be used as a source
to test a new type of radiation detector. Evaporation takes place
when the temperature is sufficiently high, which we achieve by
delivering a sudden high current through a relatively thin wire.
For our purposes, this must be done in a vacuum chamber both
to prevent oxidation and to achieve a long mean free path of the
evaporated material. This allows the collection of evaporated
material without hindrance from the air molecules. Copper
wires of different shapes and sizes are used, and high current is
supplied through them using a car battery. As the temperature
of the wire increases, the resistance of the wire changes.
Monitoring current is therefore crucial to determine energy
deposited in the wire. A calibrated Hall Sensor is used to
measure the current. We are also implementing an optical
pyrometer to measure the temperature directly. The temperature
must increase rapidly in order to evaporate sufficient material
before the wire melts and droplets get scattered violently. Using
a high-speed camera to image the explosion helps to evaluate
mass of evaporation, and also whether it is isotropic.

Modified Cu wires: The Cu wire specimens
were modified to create a smaller crosssectional area in the middle region of the wire,
which results in a relatively higher resistance
in that region. A higher electrical power
density resulting from a higher resistance is
what causes explosion/evaporation in that
region.
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Background
Inertial Confinement Fusion (ICF) is technique used for forcing
certain nuclear reactions. We are concerned with the types of
nuclear reactions that yield a product nuclei which undergoes βemissions and have a very short half life. A radiation detector
which is being built to detect such emissions enables the
calculation of cross-sections of the corresponding nuclear
reactions. Our goal is to tentatively simulate the phenomenon
during the ICF, precisely of β-emitting nuclear reactions with short
half-life. The following are the elements with properties essential
for our purposes.
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66

𝐶𝑢(𝑑, 𝑝) 𝐶𝑢→ 𝑍𝑛

Beta

307

28

28

Beta

134

27

𝐴𝑙(𝑑, 𝑝) 𝐴𝑙→ 𝑆𝑖

19

16

16

𝐹(𝑛, α) 𝑁→ 𝑂

Feedthrough (𝑽𝑭 ) : A Copper
feedthrough is used to clamp
our wire specimen and insert it
in the vacuum chamber.
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Hall Sensor (𝑽𝑯 ) : Current
detecting device which works on
the principle of Hall Effect. The
device is calibrated and reads a
voltage for corresponding current
through the circuit.

Relay(electrically operated
switch) (𝑽𝑺𝑯 ) : It is used to
ensure safe operation of the
apparatus.

Vacuum Chamber: The mean free path for
Fig. b Schematic of
Cu at 10 mTorr and room temperature is
Apparatus
4.21 cm. Explosions in vacuum prevent
wire specimen from oxidation
Oscilloscope: A 4-channel oscilloscope is used to measure voltages simultaneously across
Others:
all the all the four components of the circuit. The voltage readings as measured by the
Jumper Cables are used to withstand 100 A current
oscilloscope are 𝑽𝑺 , 𝑽𝑺𝑯 , 𝑽𝑯 and 𝑽𝑭 . 𝑽𝑯 provides current information in the circuit
Lugs and Butt Connectors are used as wire connectors
whereas, other readings correspond to voltage/power distribution on each component.
High Speed Camera with frame rate 1029 frames/s is used
to capture videos of explosion

Voltage Data from the Oscilloscope

Conclusion
•

Beta

Car Battery
(𝑽𝑺 ) : 12 V
voltage
source with
to 100 A
current
capacity.

7

* Tungsten (melting point 3422 °C) as substrate
Teflon (melting point 327 °C) as source of F

Modified wire of initial diameter
0.83 mm and smaller diameter of
up to 0.53 mm can be exploded
in less than 3s

In the near future
•

Fig. a Wire Explosions

Wire Type : Uniform
Switch On time: Around 1s
Explosion time: N/A
Switch Off time: Around 7s
Max. Current: 111 A

Wire Type : Modified
Switch On time: Around 2s
Explosion time: Between 4 and 5s
Switch Off time: N/A
Max. Current: 104 A

Wire Type : Uniform
Switch On time: Around 1s
Explosion time: Around 1s
Switch Off time: N/A
Max. Current: 102 A

•

Addition of pyrometer to
measure the surface
temperature of the specimen
Explode a radioactive specimen
to check for quantity of
evaporated material by
detecting decays

